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ABSTRACT 
Biofil ler, a single pass aerobic biological treatment has been widely used for wastewater treatment. Due to the 
emerged of the biofilter application in wastewater treatment, this study was conducted to asses the performance of 
the biofilter-in. treating greywater. The effects of the dosing rate were investigated . In this study, 2-4 mm brick 
biofilter was used. The intermittent dosing rate was evaluated in the treatment of greywater. Wastewater effluent 
dosing rates were intermittently sprayed with lower dosing rate at 3.5 min spraying and 6.5 interval dosing; medium 
dosing rate at 6.5 min spraying and 3.5 min interval ; higher dosing rate using continuous spraying. The BOD 
removal was decreased as results of increasing the dosing rate. In all dosing rate, the higher BOD removal rates was 
observed in biofilter with lower dosing at 3.5 min spraying, followed by medium dosing rate at 6.5 min spraying. 
The least BOD removal was observed in high dosing rate at continuous spraying. This indicates that intermittent 
dosing with lower dosing rates important and efficient for BOD removal. 
Keywords: Biofilter; BOD; dosing rate. 
ABSTRAK 
Biolurasan merupakan satu kaedah perawalan air yang dilakukan seew'a biologi dalam keadaan aerobik. 
Perkembangan penggunaan biolurasan dalam proses perawatan air mendorong kajian ini dilakukan lerhadap 
penggunaannya dalam perawalan air kumbahan. Tujuan kajian ini adalah unluk menenlllkan kadar dos air 
kumbahan yang dapal memberikan kadar penyingkiran BOD yang maksimum dalam biolurasan. Balll-bala bersaiz 
2-,/ mm diglmakan sebagai medium (bahan luras). Kadar dos dikaji dengan menggunakan kaedah semburan 
berselang-seli. Unluk kadar dos yang rendah. dos air disembur seeara berselang-seli dengan selang masa semburan 
selama 3,5 mini! dan 6.5 minil berhenli. Untuk kadar dos yang sederhana. masa semburan adalah 6.5 minit dan 
masa berheflli selama 3.5 minit. manakala unluk kadar dos yang linggi. semburan dilakukan seeara berlerllsan. 
Kadar penyingkiran BOD semakin rendah apabi/a kadar dos yang semakin linggi digunakan. Kajian ini 
menunjukkan kadar penyingkiran BOD adalah tinggi apabila kadar dos yang rendah digunakan. diikuli dengan 
penggunaan kadar dos yang sederhana. Penggunaan kadar dos yang tinggi. iailll dengan kaedah semburan 
berlerusan menunjukkan kadar penyingkiran BOD yang rendah. Kajian ini lelah menunjllkkan bahawa semburan 
secara berselang-seli dengan kadar dos yang rendah penling dan lebih berkesan dalam penyingkiran BOD. 
Kata kunci: Biolurasan; BOD; kadar dos 
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Over use of water resources and poor management system are contributing to water 
pollutant. Pollution can be defined as any direct or non-direct changes to physical, chemical and 
biological properties of the environment which are hazardous the health and the safety of living 
things. 
Nowadays, water pollution is a common topic for discussion everywhere because water is 
one of the most important substances for human survival. We are gradually depleting our water 
resources through our unsustainable habits. Many water catchments area are destroyed due to the 
legal or illegal deforestation. A lot of water is wasted because of our inefficient distribution and 
use. Discharging polluted waters back to the environment can critically reduce the quality of 
rivers, lakes and groundwater and hence reduce the availability of clean freshwater. 
1.1 Overview of the research 
1.1.1 Water pollution 
Nowadays, our government becomes more concern about our wastewater treatment. 
According to Department of Environment Ministry of Science, Technology and the Environment 
of Malaysian (2002), out of 116 rivers monitored, 42 were dean, 61 slightly polluted and 13 were 
polluted in year 1995. The number of polluted rivers is increasing every year. In year 2001, 120 
riv were monitored, and 53% were found clean, 32% slightly polluted and 15% polluted. 
Water pollutants were comprised mainly of agro-based industries, manufacturing industries, pig 
farms and sewage treatment plants. Available record showed that 41 % were domestic sewage 
facilities, followed by manufacturing industries (39%), pig farm (7%) and agro-based (13%), 
which altogether significantly discharged effluents that affected river water quality. Overall 
domestic sewage discharges remained the largest contributor of organic pollution load with the 
estimated BOD load of I, I 0 I tonnes/day. 
1.1.2 Typical wastewater treatment in Malaysia 
In Malaysia we have conventional centralized and decentralized treatment system. In 
centralized system, they consist of conventional or alternative wastewater collection system 
(sewers), centralized treatment plants, and disposal or reuse of the treated effluent, usually far 
from the point of origin (Tchobanoglous and Cuter, 1998). According to Wi Iderer (2001), 
conventional treatments have fundamental shortcomings such as over-exploitation of limited 
renewable water sources, pollution of soil and groundwater, wastes of valuable components in 
wastewater and the difficulty or an effective removal of pollutant. Fast expanding urban 
population make the conventional treatment system not affordable because of lack ability to 
establish proper wastewater management system. 
In decentralized system, the processes of collection, treatment and disposal or reuse of 
wastewater from individual homes, clusters of homes isolated community, industries or 
institution facilities, as well as from portion of existing community is done at or near the point of 





country is the Putrajaya Lake and constructed wetlands. According to Shutes (2001), in balancing 
the ecology and future population of Putrajaya, this treatment system covers total of 650 ha and 
has been created by the construction of a dam at the lower reaches of River Chuau. The wetland 
act as natural treatment system that filters most of the pollutant in the river before it enters the 
lake. Using wetland as treatment system also causes some disadvantages. Improperly designed 
constructed wetland may cause possible problem with pests such as mosquitoes and flies. 
Nutrient cycling in constructed wetlands is the lowest among the ecological treatment system. 
In Kuching, we have septic tanks to threat the sewage. According to Department of 
Irrigation and Drainage Sarawak (2002), at present there are about 74,000 septic tanks in 
Kuching. Septic sludge treatment located at Sungai Tengah Matang is designed for all septic 
tanks within the catchments area of Dewan Bandaraya Kuching Selatan, Majlis Bandaraya 
Kuching Utara and Majlis Perbandaran Padawan. Septic tank system has limitation in sewage and 
sludge treatment. According to Tchobanoglous and Cuter (1998), there is also sludge, oils and 
grease in septic tank effluent. Septic tank can only reduce matter by around 50% and do not 
significantly reduce the bacteria or nutrients. If the dispersal field is too close to a well or local 
aquifer, waste liquid from the tank may enter the local water supply before bacterial 
decomposition get completed (Chhatwal et aI., 1993). 
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1.2 Problem statements 
We have justified that sewage and domestic wastewater are the major threat to our surface 
ater and removal of biodegradable organic matter is our priority. Ecosan is the ecological 
ustainable approach for treating wastewater. Since the wastewater is generated in large volume, 
wastewater treatment and wetland construction may need large area. This also caused the septic ( 
tanks become unsustainable. Land is a limited resource especially in urban area. To overcome 
this problem, the efficiency of the biofilter in ecosan should be improved. 
1.3 Hypothesis 
The functions and efficiency of biofiIter in removing BOD materials can be enhanced by 
optimizing the rate and the pattern in which the wastewater is being introduced into the biofilter. 
1.4 Objectives 
This study was generally aimed to maximize the removal of BOD material in wastewater 
through the optimization of biofiIter and proposed the effectiveness of wastewater dosing rate and 
pattern to contribute the wastewater into the biofilter. Our major goal was to determine the 
relationship between the wastewater flow rate and dosing rate with the removal of BOD material 
in the biofilter. 
4 

5 Scope of the study 
This study was done to evaluate the greywater treatment using one of the wastewater 
treatments, biofilter. The principle of biofilter is to promote the BOD decomposition by the 
naturally occurring microorganisms. The performance of the biofilter was measured using the 
amount of BODs removed. In determining the dosing rate, wastewater dose was supplied 
intermittently with different dosing loading. Two different intermittent spraying was applied 
which were: 3.5 min spraying, 6.5 min interval and 6.5 min spraying, 3.5 min interval dosing for 
every 10 minutes. According to Schudel and Boller (1990), intermittent dosing can induces 
sufficient oxygen diffusion into the media and the air exchanged. The biofilter shows that the 











According to Paul (1994), wastewater is spent water that consists of a combination of 
Uquid and water-carried wastes from dwellings, business building and institutions, along with 
surface and groundwater infiltration. Greywater is any water that has been used in home such as 
water from your sink, shower or laundry except water from toilets. Rasmussen et al. (1995) 
proposed that greywater only contains minor amount of nitrogen and phosphate but rather 
substantial amount of organic matter. Although cleaner than water from toilet, it can still contain 
nasty bacteria, disease agents, phosphate and surfactants that can harmful to soil, human health 
and environment. There may be potential for reuse of greywater, reducing demands for domestic 
water consumption; however, fecal coliforms indicator and other indicator microorganisms can 
be found in greywater in significant number (Droste, 1997). Rose et af. (1991) found fecal 




Table 1. Characteristic of greywater 
Units 














































Biofilter is a single-pass aerobic designed for the biological treatment of wastewater 
Canler and Peret, 1994) which is fixed biological system that are contact to wastewater with 
mi robial attached to the surfaces of supporting media (Chugthai and Ahmed, 1991). Biofilter 
has advantages that filtration and biological activities were combined in a single reactor with aid 
of filter media (Hidaka et al., 2001). Maintenance can be facilitated and easy because there is no 




acton affect filter performance 
According to Taylor et af. (1997), there are many factors that affect the filter performance. 
\ of the factors that affect the performance are as below; 
Media 
Media playa major role in biofilter. The composition, size, uniformity and depth of the 
media, all affect the filter performance. The size and uniformity of the media also affect 
the filter depth and amount of wastewater that can be treated at one time. 
ii. Dosing method andfrequency 
Careful dosing and even distribution of the wastewater across the fiHer surface are 
needed to ensure consistent treatment. Uneven distribution can cause one part of the filter 
to become overloaded. The frequency of the dosing also affects the performance of 
biofilter. According to Siegrist and Boyle (1982), performance of frequent dosing at low 
loading is better than frequent dosing at high loading for treatment at the same amount of 
wastewater. The bacteria removal performance decreased as a result of increasing the 
dosing rate. 
iii. Temperature 
All wastewater treatment method that relies on natural process is affected by temperature. 
Treatment slows down in cold temperature. Temperature should be appropriate for the 
microbial to biodegrade the organic material. 
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Iv. Organic loading rate 
Organic loading rate depends on the strength of the wastewater. Strong wastewater 
containing high levels of organic material can reduce the filter's performance. 
v. Pretreatment 
Wastewater contains solids which may cause the filter's clogging. Pretreatment is needed 
to remove the solids from the wastewater to prevent them from clogging the filter. 
uDdamental principles of biofiJter 
Microorganisms play a major role to degrade or decompose the organic material in 
analrtf!\lIlAtE~r. Canler and Perret (1994) proposed that once the wastewater is sprayed to the media 
biofilter, microbes will decompose the organic material through degradation process in aerobic 
According to Paul (1994), biodegradation is a process where the bacterial are able to 
IIleIrabDIi~~e the organic matter through enzymes system to yield carbon dioxide, water, inorganic 
Droste (1997) stated that biofilter encourages microbial growth in filter to enhance their 
WilnnrlUIIII11'''' beyond solely filtration. Microorganisms consume organic matter in the water and 
the water that is biologically stable-the potential or regrowth of microorganisms in the 
IIIIIISIH:G water is diminished. Biofilter can also be used for nitrification and removal of nitrates. 
media in filter provide a surface to support microbial growth, which applies principles well 




If properly designed, filter and infiltration systems have a capacity to almost completely 
....arnt'vp pathogenic microorganisms from wastewater (Bouma et al., 1972; Ziebell et al., 1974). 
removal mechanism in biofilter is a combination of physical filtration, chemical reaction and 
•un.'''''''''' transformations (Goldstein et al., 1972). The efficiency of these processes is related to 
temperature (Gold et al., 1992) and the physical flow conditions which are controlled by the 
frequency and distribution of effluent applications and particle size of filtration media 
_U~VUlllla et ai., 1974; Thomas and Philips, 1979). This result in reduced the adsorption due to 
m lladeqUlate interaction between the percolating wastewater and the porous media (Huysman and 
verstralete, 1993; Smith et al., 1985). Ausland et al. (2000) suggested that the knowledge on 
of filter design factors like dosing rate, distribution method and media particle size is 
bnportant to reduce the risk of pollution from on-site wastewater treatment system. 
According to Burice et al. (2000), the capability and efficiency of an operating biofilter to 
Uminate pollutants is result of both physical and biological factors. The physical factors include 
flow behavior and profile of the wastewater, grain size, media depth and average residence time. 
The microbiological phenomena involved the rate of pollutant elimination by oxidation, a 
d1emical and biochemical reaction. 
The main parameter used to evaluate the quality of the wastewater is the BOD. BOD is 
amount of oxygen required by the bacteria for stabilizing decomposable organic matter under 
,Mmblic condition and it is measured in milligrams of oxygen per litre waste (Chughtai and 
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,l' :'W.__lt research in wastewater treatment using Biofilter 
Wastewater discharge untreated directly into environment has developed the potential for 
development of sustainable wastewater treatment system based on ecological sanitation 
el al., 1998). Greywater treatment is an important part of a complete ecological sanitation 
According to Dallas at ai, (2004) ecosan emphasizes sustainable sanitation systems 
(chidmig wastewater reuse in order to close the loop of water conservation. Ecosan is resource 
".i1....I1I~ sanitation system which based on source separation in which domestic waste is split 
8fO)'W8ter and blackwater, facilitating recycling and providing more sustainable solutions for 
DmSlIC waste and wastewater than conventional systems. 
The main component in ecosan is the biofilter. In ecosan, the function of biofilter is to 
the amount of organic matter and BOD of the effluent through aerobic biodegradation. 
_riina to Bjerregaard (2004), greywater is channeled to the trap. Oil and grease are separated 
greywater in the trap. Then, the grease-free greywater is transferred to biofilter. In the 
biodegradation process is done by the bacteria. Then, organic matter and bacteria are 
illil'linw!d while nutrient content is removed in the constructed wetland. From the constructed 
~JIIII"'" the clean water is discharged through an outlet pipe from the wetland to the storm water 
Ecosan has help in saving limited resource. In Norway, greywater treatment system using 
LWA biofilter systems or a combination of L W A biofilters and subsurface flow L W A 
••:ted wetlands have emerged (Heisted et al., 2001; Jenssen and Krogstad, 200 I). Ecosan 
1 1 

successfully treated greywater and blackwater to produce fertilizer using aerobic biological 
and constructed wetland in Norway. Another ecosan projects is vacuum toilet which has 
in Gennany (Langergraber and Muellegger, 2004). Vacuum toilet facilitates 
!ODClen1ratted collection of toilet waste (blackwater) and subsequent processing the blackwater 
fertilizer for agriculture. The vacuum toilet diverts toilet waste from water cycle, thus 
llOIec:ting potential portable water source and avoid increased water cost. In Kuching, Hui Sing 
is one of the ecosan pilot projects which have successful established as a constructed 
lNdand in greywater treatment. This constructed wetland used to treat greywater pilot facilities 
100-1 50 people. 
One major ecosan problem is the limitation of land for treatment plant. Researchers also 
problem regarding to the efficiency of the biofilter system. Moore et al. (200 J) had done a 
......,.:h regarding the effect of media size on the performance of biofilter. They proposed that 
research need to be conducted to determine the optimal media size for different condition 
to the complex relationship between the influent characteristic and flow rate, the reactor 
and the media, and the performance in term of effluent standard and operation cost. 
There are researches have been done regarding the biofilter system. According to Jenssen 
tale (2003), a research has been done in Norway using L WA (light weight aggregates) 
lifttiilt~rinl'ct,.m to treat greywater. A single pass biofilter aerates the wastewater and reduce BOD 
2001). Jenssen and Vrale (2003) found that at the loading rate up to 115 em/day, more than 
.....u vu reduction and 2-5 log reduction of indicator bacteria has been obtained. They stated 
12 
successful of this operation is the uniformly distribution of the liquid over the filter media 
tevik et ai. (1999) has done a research regarding the effects of changing the intermittent 
1IB!II:ewllltef dosing rate on the hydraulic behavior of relatively coarse media filters and the effects 
removal of indicator bacterium E. coli. This research was done by applied wastewater 
with dosing rate of 25 and 50 mm/day intermittently on filter column. They reported that 
removal of E. coli was decreased as a result of increasing the dosing rate. Doubling the daily 
rate with the same number but larger volume doses gave a statistically significant 
aeasc~ in the number of E. coli in the effluent. A lower purification with increased dosing rate 
been observed in many experiments (Siegrist and Boyle, 1982; Smith et ai., 1985). It is 
that high dosing rates increase the water movement through larger pores and reduce the 
_1IOJ~e between mobile and less mobile water (Bouma et ai., 1974; Thomas and Philips, 1979). 
el ai. (1999) reported that by decreasing the dosing rate, the time-averaged water film 
~[)ImCS thinner, retention time becomes longer and the less mobile fraction of the pore water 
to a higher degree be exchanged due to diffusion. This affords a more intimate and longer 
between media and bacteria which enables enhanced bacterial adsorption and result in 
According to Hagedorn et ai. (1981), bacteria can be immobilized mechanically from 
b straining in small pores, and by adhesion between cells and filter media (Smith et ai., 
The transport of bacteria in porous media was directly related to the rate at which water 
plied (Smith el ai., 1985). The same phenomenon was observed by Huysman and 
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,-.Ie (1993). They reported that the transport of bacteria in columns was much greater when 
.._~ was applied at rate of 4.7 cm/h as compared to 0.8 cm/h. The movements of 
IIIQgIIllS&re also directly related to particle size diameter (Pekdeger and Matthess, 1983). 
Another research regarding the intermittent filtration was done by Siegrist and Boyle 
They had compared the intermittent filtration of 39cm/day of greywater septic tank 
through coarse sand which was applied in either 24 or 6.6 doses/day. At the same daily 
rate they found that the more frequent but smaller doses of effluent yielded higher 
oforganic matter and suspended solids, as well as fecal coliforms bacteria. 
uland el a/. (2000) had used biofilter to investigate the removal of fecal coliform and 
streptococci from treating septic tank effluent. They studied the effects of grain size, 
-.lIlic dosing rate and the distribution of wastewater. In this research, they used intermittent / 
from 20-80 mm/day. They found that the dosing rate at 20mrnlday resulted in 
liIaUly lower effluent concentration of fecal coliforms. The removal of fecal coliforms was 
than three orders of magnitude higher in the media with the finest grain sizes (unsorted sand) 
pared to the coarsest media (LWA 0-4mm and LW A 2-4 mm) operated under same 
[Mll1IOI~.Lower removal was observed by increasing the hydraulic dosing rate. They also found 
,l1.uIDnum retention time was a key parameter for predicting the removal of bacteria in 
••red, aerobic filter. 
Homlki and Bouwer (200 I) developed a model to stimulate the non-steady state 
of biologically active filters used for drinking water treatment. This model can 
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